In this paper we solve the cylindrical Poisson-Boltzmann equation for the counter-ions only case. We use a solitary wave technique known as the Tanh, Sech and Jacobi elliptic functions, finding several families of solutions.
Introduction
Rodlike electrolytes [1] can be found in important biological systems such DNA molecules [2] and proteins [3] . Also, those systems have relevant industrial applications such as batteries [4] , gels [5] , and detergents [6] . Using the cylindrical symmetry, the Poisson-Boltzmann equation (CPBEq) give response to rodlike charge distributions [1] , [7] . In this work, we solve the CPBEq to the case of only counter-ions, [7] , using the methods provided by Tanh [8] , the sech solutions and the Jacobi elliptic functions [9] .
Cylindrical Poisson-Boltzmann equation
We start from the cylindrical counter-ions only Poisson-Boltzmann equation:
Where κ −1 is the Debye screening length [7] . Using a transformation [7] ,
Then, the second derivative is:
And replacing in eq. 1
So
Renaming [7] 2u
Now defining the variables
Then
And replacing in eq. (7)
Now, using the tanh method, we introduce a new independent variable [8] :
Then, the derivatives of u, are:
The solutions are postulated as:
Replacing in eq. (12)
Now, we balance the nonlinear terms in eq. (16), [8] . So:
Replacing in eq. (18)
So, we get a set of equations, order by order in
Solving them, we have:
3 Solution sech
Then,
Solution Elliptic function
Now we use a solution given by the Jacobi elliptic functions, [9] . They hold the next relations
Their derivatives are
Then, replacing eqs. (27) in eq. (17)
Equating the left hand side of eq. (11) to zero, we get:
And
Then, using eq. (25)
So, we find two families of solutions
Conclusions
We solved the de-ionized Poisson-Boltzmann equation using the tanh, sech and Jacobi Elliptic methods. We get 5 families of solutions. As a future work, we can extend the investigation of solutions in higher dimensions and geometries. 
